Recent evidence suggests that rats require an intact hippocampus in order to recognize familiar objects when they encounter them again in a different context. The two experiments reported here further examined how changes in context affect rats' performance on the novel-object preference (NOP) test of object-recognition memory, and how those effects interact with the effects of HPC damage. Rats with HPC lesions and control rats received NOP testing in either the same context in which they had previously encountered sample objects, or in a different but equally familiar context. In Experiment 1, the two contexts had very few overlapping cues within or outside the apparatus; thus, the differences between them were global. Consistent with previous results, control rats showed a novel-object preference in both the unchanged and (globally) changed contexts, whereas rats with HPC lesions displayed a preference only in the unchanged context. In Experiment 2, the context shift included only local features proximal to the test objects. The main results were the reverse of Experiment 1-rats with HPC lesions displayed a novel-object preference in both the unchanged and (locally) changed contexts, whereas control rats displayed a preference only in the unchanged context. The findings are consistent with the view that HPC damage does not cause a general inability to recognize objects, nor an inability to encode or store a representation of the context in which the objects are encountered. They suggest instead that HPC damage impairs the ability to remember specific locations of familiar objects within a particular context.
The hippocampal formation (HPC) is thought to play a critical role in memory for contextual information. Much of the evidence for this role comes from studies in which rats with HPC lesions showed impaired fear conditioning to a test chamber in which an aversive event occurred (Sutherland and McDonald 1990; Kim and Faneslow 1992; Kim et al. 1993; Young et al. 1994; Maren and Faneslow 1997; Rudy et al. 2002; Lehmann et al. 2005) . Rats with HPC lesions are also impaired on an incidental learning task that requires remembering which one of two familiar objects was encountered in a particular context (Mumby et al. 2002) . Such findings have been taken to suggest that the HPC plays an essential role in processing of contextual information (Nadel and Wilner 1980; Sutherland and Rudy 1989; Sutherland and McDonald 1990; Good and Honey 1991; Frankland et al. 1998; Rudy and O'Reilly 1999) .
Despite their impairments on certain tasks that require memory for contextual information, rats with HPC lesions tend to perform normally on tests of anterograde object-recognition memory, which require them to discriminate the familiarity of previously encountered objects (Mumby 2001) . One popular task for assessing object recognition is the novel-object preference (NOP) test, which capitalizes on rats' natural tendency to investigate novel objects more than familiar objects when the objects are encountered in a familiar environment (Sheldon 1969) . Conventional NOP procedures are variants of those described by Ennaceur and Delacour (1988) : A rat is placed in an open-field arena and allowed to explore two identical sample objects for a few minutes. After a retention interval, the rat is returned to the arena with two new objects-one is identical to the sample and the other is novel. Normal rats spend more time exploring the novel object during the first few minutes of the retention test, which indicates that they recognize the sample object.
Rats with pretraining HPC damage perform normally on the NOP test under a wide range of conditions (Mumby et al. 2002 Gaskin et al. 2003; Winters et al. 2004; Forwood et al. 2005) . Rats that receive fornix transection are also not impaired (Ennaceur et al. 1996 (Ennaceur et al. , 1997 Warburton and Aggleton 1999; Clark et al. 2000) . A few studies have reported NOP deficits in rats with HPC damage, however (Clark et al. 2000; Gould et al. 2002; Broadbent et al. 2004 ). Thus, there may be conditions under which HPC lesions will produce reliable impairments. We recently reported evidence of one such condition: Rats with pretraining HPC lesions displayed a normal novel-object preference when the sample-exposure context matched the test context. The same rats with HPC lesions failed to display a preference, however, when the sample-exposure context and test context were different, whereas the performance of control rats was unaffected by the change in context (O'Brien et al. 2006) . These results suggest that the HPC is not critical for encoding or retrieving a representation of the sample-exposure context, because the performance of rats with HPC lesions was sensitive to the context change.
The present experiments further assessed the effects of HPC lesions on the modulation of novel-object preference by contextual cues. We used a new apparatus for assessing novel-object preference in rats that reduces some of the constraints on natural exploratory behavior that are inherent in a typical open-field arena (Mumby 2005) . The apparatus is a circular track that can be divided into multiple compartments with the use of modular walls. A door in each divider wall opens in only one direction; so after the rat leaves a compartment, it cannot return. With all doors set to open in the same direction, a rat travels around the track in that direction only, becoming familiar with several objects as it encounters a different pair of matching sample objects in different compartments. For the test, the two objects in each compartment are replaced with a novel object and a copy of the sample, and the rat once again makes a trip around the track. Because the rat cannot return to a compartment after leaving it, this procedure enables multiple comparisons on each trial of how a rat responds to a familiar object versus an unfamiliar object.
The two experiments reported here assessed NOP performance in rats with HPC lesions when the learning and test contexts were the same and when the contexts were different. In Experiment 1, the context shift involved conducting the test phase in a second circular track that was located in a different room. The experimental design was similar to that of our previous study (O'Brien et al. 2006 )-rats with pretraining HPC lesions and control rats were allowed to explore sample objects in one context, and after a retention interval, they returned to either the same context or to a different, but equally familiar context, where they encountered sample objects paired with novel objects.
In Experiment 2, there was only one circular track and one room, and the context shift involved moving objects from one compartment of the apparatus during the sampleexposure phase, to a different compartment for the test phase. Thus, only local features proximal to the object changed between sample-exposure and test, whereas global features of the context did not change. Figure 1 illustrates the extent of the HPC lesions, which was similar in the two experiments. There was extensive cell loss in all principle subfields of the hippocampus and dentate gyrus. The damage to the dorsal hippocampus was complete or nearly complete in all cases, and there was also considerable damage to the ventral hippocampus that was more variable between hemispheres and animals. Several rats sustained minor damage to the fimbria/fornix. In all HPC rats, there was also some damage to the posterior parietal cortex where the injection cannulae were inserted. There was sparing of cells in the most posterior part of the subiculum in all rats. One rat in Experiment 1 exhibited substantial sparing of the HPC in one hemisphere (i.e., >50% sparing), and therefore, all of its behavioral data were excluded from further analysis. Each of the HPC lesions in Experiment 2 reached our criterion for completeness (i.e., <50% sparing of total hippocampal volume in either hemisphere).
Results

Histological findings
NOP testing
Experiment 1
The time required for a trip around the track was determined by the rat. The median time required for the first sample-exposure trip was 339 sec for SHAM rats and 379 sec for HPC rats; median time for the second sample-exposure trip was 273 sec for SHAM rats and 293 sec for HPC rats. The median time required for the test trip was 300 sec for SHAM rats, and 313 sec for HPC rats. Figure 2 shows the time spent exploring objects during the sample-exposure and test phases in Experiment 1. Analysis of variance (ANOVA) revealed that the HPC group, overall, spent more time investigating objects during the sample-exposure phase than did the SHAM group, F (1,13) = 7.59, P < 0.05 (twotailed). Pairwise comparisons (Bonferroni correction) revealed that HPC rats explored the sample objects more than the SHAM rats on DIFFERENT trials (P < 0.01, two-tailed).
The ANOVA for overall object exploration during the test phase also produced a significant main effect of group F (1,13) = 7.08, P < 0.05. Pairwise comparisons (Bonferroni correction) revealed that HPC rats explored the test objects more than SHAM rats on SAME trials (P < 0.01, two-tailed). Figure 3 shows the mean investigation ratios on SAME trials and on DIFFERENT trials. For this measure, we determined each rat's average investigation ratio for its two SAME trials, and the average ratio for its two DIFFERENT trials. To determine whether the rats discriminated between the novel and sample objects, the investigation ratios obtained under each condition were com- pared with what would be expected by chance (i.e., a ratio of 0.50), using one-sample t-tests. Both groups showed a significant novel-object preference on SAME trials (SHAM t (9) = 5.97, P < 0.001; HPC t (4) = 3.22, P < 0.02). On DIFFERENT trials, the SHAM rats displayed a significant novel-object preference, t (9) = 2.59, P < 0.01, but the rats with HPC lesions did not, t (4) = 0.31, P > 0.10.
Within-group comparisons revealed that the investigation ratios in the SHAM group were not significantly different on SAME trials versus DIFFERENT trials, t (9) = 1.27, P > 0.10. Although investigation ratios in the HPC group were not significantly higher on SAME trials than on DIFFERENT trials, the difference approached statistical significance, t (4) = 1.90, P = 0.06. Figure 4 shows how much time the rats spent investigating objects during the sample-exposure and test phases in Experiment 2. Data are shown separately for SAME compartments and DIFFERENT compartments. ANOVA revealed that the SHAM and HPC groups did not differ significantly in the overall amount of time spent investigating objects during the sample-exposure phase, F (1,33) = 1.54, P > 0.05, or during the test phase, F (1,33) < 1. Figure 5 shows the mean investigation ratios of the two groups in SAME compartments and in DIFFERENT compartments. One-sample t-tests revealed that SHAM rats displayed a significant novel-object preference in SAME compartments (P < 0.01), but did not discriminate between the sample and novel objects in DIFFERENT compartments. Rats with HPC lesions displayed a significant novel-object preference both in SAME compartments (P < 0.01) and in DIFFERENT compartments (P < 0.05). Within-group comparisons revealed that the ratios of the HPC rats were not significantly different in the two conditions, and although the SHAM rats' ratios were considerably higher in SAME compartments than in DIFFERENT compartments, the difference did not reach statistical significance (t (17) = 1.38, P = 0.10).
Experiment 2
Discussion
The main finding of Experiment 1 was that control rats spent more time exploring the novel object than the sample object during the test phase both on SAME trials and on DIFFERENT trials, whereas rats with HPC lesions displayed a significant preference for the novel object on SAME trials, but not on DIFFERENT trials. The SHAM rats, therefore, recognized the sample object when it was encountered in a different context, but the HPC rats showed no evidence of recognizing it in a different context. The results match those of O'Brien et al. (2006) , and they suggest the HPC is not needed for recognizing an object that is later encountered in the same context, whereas it plays an essential role if the object is encountered in a different context.
The ability of rats with HPC lesions to discriminate between the sample and novel objects on SAME trials indicates that their deficits on DIFFERENT trials were not due to an inability to perceive distinctive object features, nor to a general disruption of the spontaneous bias for investigating unfamiliar objects. The results were not due to variability in lesion size because a within-subjects design was used. Importantly, the normal performance of HPC rats on SAME trials means that their deficits on DIFFERENT trials were not due to a general inability to recognize objects.
Humans often perform better on recognition tests if the learning and test phases occur in the same context, than if the learning and test contexts are different (Baddeley 1990) . One interpretation of this effect is that re-exposure to the familiar context on the test phase reactivates a configural representation of the context that was encoded during the learning phase, which somehow makes it more likely that representations of target stimuli, which were also encoded during the learning phase, will be activated, thus facilitating the discrimination of target familiarity (i.e., recognition) (Hirsch 1974) . Context-dependency effects have not been consistently observed on tests of object recognition in rats. Although one study found that performance on a Y-maze test of object-recognition memory by intact rats was better when the learning and test contexts matched than when they were different (Dellu et al. 1997) , the different test context was also novel. We similarly found that a context shift involving a novel context disrupted NOP performance, whereas the use of a familiar context did not (O'Brien et al. 2006) , and others also failed to find any influence of global context change on NOP performance in intact rats when the test context was familiar (Besheer and Bevins 2000) . The evidence suggests, therefore, that object-recognition memory in rats is not as severely affected by mismatched learning and test contexts, per se, as by the novelty of an unfamiliar context during retrieval.
Importantly, when rats do display an effect of a change in context, it can be assumed that they have retained a representation of the original context. Accordingly, the finding in Experiment 1 of a context-shift effect in HPC rats, along with the similar results reported previously (O'Brien et al. 2006) , indicate that rats with HPC lesions are able to encode and store representations of the sample-exposure context. Other investigators have also argued the existence of extrahippocampal systems that enable contextual learning, based on the finding that rats with HPC lesions demonstrate normal or only slightly impaired anterograde contextual fear learning under a variety of conditions (Wiltgen et al 2006) . Moreover, a recent study reported that temporary deactivation of the dorsal HPC with muscimol failed to affect incidental learning during exploration of a novel environ- ment (Gaskin et al. 2005) . It is worth noting that despite sparing the ability to acquire new contextual representations, HPC lesions produce severe retrograde amnesia for contextual memories, which suggests that contextual learning in normal rats occurs primarily within a hippocampus-based system that inhibits contextual learning by extrahippocampal systems. In the absence of the HPC, however, this inhibitory influence is removed and extrahippocampal systems can support new contextual learning (Wiltgen et al. 2006) .
At first glance, the conclusion that extensive HPC lesions spare contextual memory would seem to contrast with data showing that damage to the HPC significantly attenuates the context pre-exposure facilitation effect (CPFE) in Pavlovian fear conditioning . Rats that are allowed to explore a fear-conditioning chamber prior to training with an immediate-shock procedure show stronger fear conditioning to that context than rats without the context pre-exposure. This facilitation depends on the memory for the context, which results from incidental learning that occurs during the pre-exposure. The observation that the facilitation is attenuated by pretraining NMDA lesions of the HPC , or infusion of anisomycin into the HPC , suggests that HPC damage impairs the ability to acquire a representation of the context during pre-exposure. Presumably, context pre-exposure involves the same type of incidental learning about the context as that which occurs during the sample-exposure phase of the NOP task. As outlined above, however, the results of Experiment 1, along with previous findings (Gaskin et al. 2005; O'Brien et al. 2006; Wiltgen et al. 2006) , demonstrate that rats with extensive HPC damage can remember the context in which learning occurs.
A reconciliation of the effects of HPC lesions on CPFE and the present NOP test might lie in differences in the quantity or quality of exposure to the key learning events in the two paradigms. It has been argued that a hippocampus-based system rapidly acquires contextual representations after a rat is placed into a particular environment, whereas extrahippocampal systems acquire contextual information more slowly, and therefore require a longer duration of exposure, or multiple exposures, to an environment (Wiltgen et al. 2006) . The demonstration of HPC involvement in CPFE occurs when rats with pre-exposure to the context are subsequently trained with an immediate shock upon re-exposure to the context. Normal rats that receive context preexposure show strong conditioning in the immediate-shock condition, whereas rats with HPC lesions do not . If the shock is delayed, however, rats with HPC lesions show significant fear conditioning (Wiltgen et al. 2006) , suggesting that extrahippocampal systems acquire context representations during the pre-shock delay period that can be subsequently associated with the shock. Similar to the delayed-shock procedure in Pavlovian fear conditioning, and unlike the immediate-shock procedure, the procedures used in the present experiments provided the rats with extended and repeated opportunities to learn about the relationships among global features of the test environment and the sample objects they encountered as they circled the track twice during the sample-exposure phase of each trial. Under such conditions, learning by extrahippocampal systems should be facilitated, and the faster-learning hippocampal system should be expendable.
When navigating through a familiar environment, animals make use of allothetic cues that are integrated into a mental spatial representation (i.e., a cognitive map). Allothetic cues can be either local or global. A global cue can be perceived from large distances, and its direction changes slowly as the animal moves. A local cue can be perceived from only a short distance, and it moves within the frame of reference of movement of the animal (Steck and Mallot 2000) . The two circular tracks used in Experiment 1 were located in different rooms; thus, they both constituted a familiar and distinctive environmental context. When objects were encountered in a different room and circular track for the test phase, both the global and local contextual cues surrounding the objects changed. We cannot discern, therefore, whether context-shift effects seen in the performance of HPC rats in Experiment 1 occurred because of changes in the distal extramaze cues surrounding the sample objects, changes in the more proximal intramaze cues, or both.
The aim of Experiment 2 was to determine how novel-object preference is affected by changing the local intramaze cues that surround the sample objects for the test phase. This was accomplished by using only one circular-track apparatus in one room (i.e., one global context). Half of the sample objects were moved to a different compartment for the test phase, and the other half were not moved. Each compartment can be thought of as a particular local context, defined by the particular constellation of cues that can be perceived only from within that compartment. Those cues presumably consist of the particular visual, tactile, and olfactory features of the compartment walls and floors. The same extramaze cues are visible from within each compartment, and they can be thought of as defining the global context, which therefore remained constant across the different local contexts (i.e., compartments).
The main finding of Experiment 2 was that rats with HPC lesions showed a significant novel-object preference under both test conditions-when the local context for the sample-exposure phase and the test was the same, and when the local context for the sample-exposure phase and the test was different. Importantly, these results contrast with those of Experiment 1, in which rats with HPC lesions failed to show a novel-object preference when the global features of sample-exposure and test contexts were different. The data from Experiment 2 can help rule out certain interpretations of the findings in Experiment 1. It seems unlikely, for example, that HPC rats in Experiment 1 failed to show a novel-object preference on DIFFERENT trials simply because the sample objects were moved to a new specific location for the test, because the sample objects also moved to new locations in DIFFERENT compartments, yet the rats with HPC lesions still showed a significant novel-object preference in those compartments. The deficits displayed by HPC rats in Experiment 1 were also unlikely due to changes in the local cues proximal to the sample object, because the local cues were also different in DIFFERENT compartments in Experiment 2, and the HPC rats displayed a strong novel-object preference. Thus, it seems most likely that the lack of novelty preference in HPC rats on DIFFER-ENT trials in Experiment 1, and in the previous study (O'Brien et al. 2006) , was due to the change in global context in which the sample object was encountered.
The failure of sham-lesion control rats in Experiment 2 to display a novel-object preference in DIFFERENT compartments was surprising. It is not likely that this result occurred simply because the sample objects in those compartments were in different spatial locations, or were surrounded by different local cues, than during the sample-exposure phase. In Experiment 1, and in the previous experiment (O 'Brien et al. 2006) , the spatial location and local context of the sample objects also changed on DIFFERENT trials, yet the control rats still showed a novel-object preference. The situation experienced by the rats during the learning phase was essentially identical in Experiments 1 and 2, so it can be assumed that the control rats in both experiments possessed equivalent incidental knowledge at the time of the test. Thus, control rats showed normal novelty preference when a familiar object was encountered in a different global context, but displayed no preference when they encountered a familiar object in a different location within the same global context.
The phenomena of response habituation and dishabituation may explain why a rat would fail to show a novel-object preference when the sample object is moved to a new place and paired with a novel object. Orienting and exploratory responses evoked by the sample object were habituated during the sampleexposure phase. When the test phase later occurred in the same place, this habituation to the sample object became evident when the rat explored the novel object more than the sample object. When the sample object was encountered in a different place, however, the exploratory response that it evoked was dishabituated-a common consequence of moving a habituated stimulus to a new place (Domjan 2006 )-and the rat therefore explored the sample object more than it would have if that object had not moved. As a result, both the sample and novel objects evoked a strong exploratory response, and neither was strongly preferred. Thus, the lack of a novel-object preference in DIFFERENT compartments shows that control rats were able to detect that the sample object changed locations; that is, they remembered where it was during the sample-exposure phase. According to this interpretation, the rats with HPC lesions showed a novel-object preference in DIFFERENT compartments because they could not remember where the sample object had been previously, so the change in its location did not produce dishabituation of the exploratory response to the sample object.
To summarize the main findings of the two experiments reported here: (1) HPC lesions did not disrupt NOP performance when the sample-exposure and test contexts were the same. (2) Changing both the global and the local contextual cues surrounding a sample object disrupted NOP performance in rats with HPC lesions, but not in SHAM-lesion control rats. (3) Changing only the local contextual cues surrounding a sample object disrupted NOP performance in SHAM-lesion rats, but it had nonsignificant effects in rats with HPC lesions. These findings are consistent with the view that HPC damage does not cause a general inability to recognize objects, nor an inability to encode or store a representation of the context in which the objects are encountered. They suggest instead that HPC damage impairs the ability to remember the specific locations of familiar objects within a particular context.
Materials and Methods
Subjects
The subjects were 51 male Long-Evans rats (Charles River), between ∼10 and 16-wk-old at the time of the experiments. In Experiment 1, six rats received HPC lesions (group HPC) and 10 rats received sham surgery (group SHAM). In Experiment 2, 17 rats received HPC lesions and 18 rats received sham surgery. The rats were housed individually, with continuous access to water, and each received a daily ration of ∼25 g of rat chow. They were housed under a 12:12 light-dark cycle, with light onset at 8:00 p.m. All procedures were approved by the Concordia University Animal Care and Use Committee, and were in accordance with the guidelines of the Canadian Council on Animal Care.
Surgery
Surgery was performed under isoflorane anesthesia. HPC lesions were made bilaterally by intrahippocampal injections of a 5.1-M solution of N-methyl-D-aspartate (NMDA) dissolved in 0.1 M phosphate buffered saline. Injections were made at five sites bilaterally, using 10-mL Hamilton syringes mounted in an infusion pump (KD Scientific) and connected to 30-gauge cannulae by polyethylene tubing. The NMDA solution was infused at a flow rate of 0.15 mL per minute until a total of 0.4 mL had been injected at each site. The cannulae were left in place for an additional 2.5 min before being retracted. The scalp incision was closed with wound clips and an antibiotic powder was applied to the wound. As the rats began awakening from the anesthetic, they were given diazepam (∼10 mg/kg) as a prophylaxis against seizures. Rats in the SHAM groups received the same scalp incision and post-surgery diazepam injections, but no damage was done to the skull or brain. Rats were allowed to recover for 14 d before NOP testing commenced. Figure 6 includes a diagram of the circular-track apparatus. The floor portions of the tracks were 25 cm wide, and formed a circle with an outside diameter of 270 cm for one track and 300 cm for the other. The inside and outside walls of the track extended from the floor to a height of 40 cm, and both walls had a slight concave curvature, so a cross-section of the track would have the shape of a bowl. This feature was intended to give the rats inside the apparatus greater visual access to extramaze room cues than would be possible with straight vertical walls of the same height.
Circular-track apparatus
Divider walls separated the track into nine compartmentsseven test compartments, roughly equal in size, a start compartment, and an end compartment. Each divider wall had a swinging door at the bottom center, 10 cm diameter, that could be set to open in only one direction, so that when a rat passed through it and into the adjacent compartment, it could not return to the previous compartment. Figure 6 is a schematic diagram showing the general design of the two experiments, including the track configurations that were used and the locations of the sample and novel objects during the different test phases and conditions. There were two circular tracks located in distinctive rooms, and both were used in Experiment 1.
In both circular tracks, the doors between adjacent compartments allowed rats to move around the entire track in only one direction, passing through each compartment once per trip. When it entered the end compartment, the rat was trapped there until retrieved a few seconds later by the experimenter. In one circular track, the permitted direction was clockwise, and in the other circular track it was counterclockwise.
The two circular tracks were also distinctive in terms of the visual, tactile, and olfactory properties of the walls. The walls of one track were lined with black asphalt roof shingles, and the walls of the other track were lined with veneer of various shades of white, gray, and brown. Moreover, the extramaze cues within each context were also distinctive, as the two circular tracks were in two rooms that differed in size, ambient illumination, and in the particular array of objects that were visible from inside the track.
In Experiment 2, the test compartments were configured the same as in Experiment 1, but in order to make them more distinctive, two of the compartments had black walls with wood shavings for the floor, and the other two had white walls and gravel mixed with wood shavings for the floor. height between ∼4.5 cm and 15 cm, and in width between ∼4 cm and 10 cm. There were three copies of each object; two of them were used on sample-exposure sessions, and the third copy was used as the sample object on test sessions. The objects were washed after every trial.
Attached with epoxy to the bottom of each object was a small glass jar (6 cm high), and attached to the floor of the circular track, at the locations shown in Figure 6 , were inverted jar lids. Objects were fixed in place by screwing the jars into the lids. In four of the compartments (the second, fourth, sixth, and eighth), objects were positioned near the middle of the compartment, with a distance between them of ∼20 cm; the other four compartments contained no objects.
Behavioral procedures
Experiment 1
Rats were first habituated to both circular tracks on four daily sessions of ∼20-30 min each. For these sessions, the panel that separated the start and end compartments was removed, and the rats could circumnavigate the entire track as they chose to. On the first and second habituation sessions, the doors between compartments could open in either direction. On the third and fourth habituation sessions, and throughout subsequent NOP testing, the doors were set to open in only one direction.
For NOP trials, the panel dividing the start and end compartments was replaced so that once a rat entered the end compartment, it was trapped there until removed by the experimenter. For the sample-exposure part of a trial, the rat was allowed to make two trips around the track to become familiar with four different sample-object pairs. These two trips were separated by 1 min. After a retention interval, the rat was allowed to make another trip around the track-the test trip-on which each pair of sample objects was replaced with a replica of the sample and a novel object. The retention interval in Experiment 1 was 15 min. The novel object was always on the outside perimeter of the track in the first and fifth test compartments, and on the inside perimeter in the third and seventh test compartments. As was the case during the sample-exposure phase, the remaining test compartments (i.e., second, fourth, and sixth) contained no objects during the test phase.
Each rat received four NOP trials, with different objects used as sample and novel objects on each trial. All four trials were conducted on separate days distributed over a 2-wk period. For half of the rats in each group, the trial sequence was SAME/ DIFFERENT/SAME/DIFFERENT, and for the other half the sequence was DIFFERENT/SAME/DIFFERENT/SAME. Rats were returned to their home cages in the colony room for the retention intervals.
A video camera was positioned over the track and all sessions were video taped for later analysis. A rat was considered to be engaged in object investigation when its head was oriented within 45 degrees of an object and within 4 cm. Climbing over or sitting upon the objects was not included. The main dependent measure was the investigation ratio-the proportion of total object investigation during the test that was spent investigating novel objects (Tnovel / (Tnovel + Tsample)). Time spent investigating the sample objects during the sample-exposure phase was also measured. . The circular-track apparatus was divided into compartments by divider walls; the apparatus also had side walls, which are not shown in these diagrams. A door in each divider wall was set to open in only one direction, so after rats left a compartment they could not return. With all doors set to open in the same direction, rats traveled around the track in that direction only, becoming familiar with several objects concurrently as they encountered a pair of identical sample objects in each compartment during the sample-exposure phase. Arrows show the required direction. For the test phase, the objects in each compartment were replaced with a replica of the sample object and a novel object. In Experiment 1, two circular tracks located in different rooms were used, and each rat received two trials in which the sample exposure and test contexts were the same, and two trials in which they were different. In Experiment 2, a single circular track was used, and sample objects were in either the same compartment or a different compartment for the sample exposure and test phases.
